INTRODUCTION
There are known different types of microbial aggregates attached to surfaces. These aggregates, usually called biofilms, are attached to inanimate surface (fixed biofilm, microbial mat), to the surface of macroorganisms (mycorhyzae, epiphytic biofilm, tissue biofilm, microbial plaque), or to air-water interphase (microbial neuston, floating doi: 10.2166/wst.2008.837 microbial mat, scum layer in bioreactors). Cell aggregates could be embedded into plant or animal tissues as mycetoma or bacteroid (Lens et al. 2003; Ghannoum & O'Toole 2004; Lewandowski & Beyenal 2007) .
There are also suspended in water microbial cell aggregates of irregular shape and low density (flocs of activated sludge) or with dense spherical or elongated structure (microbial granule), as well as aggregated cells attached to suspended organic particle (marine or lake "snow"). Typical diameter or thickness of suspended prokaryotic cell aggregates is from 100 to 1,000 mm. The structure of aggregate includes hundreds of the bacterial layers and the cellular micro-aggregates. Therefore, as in the fixed biofilms, there are steep concentration gradients of nutrients and metabolites inside suspended cell aggregates (Ivanov et al. 2005a,b; Ivanov 2006) . Due to these gradients, microorganisms of different physiological groups co-exist in cell aggregate (Stewart & Franklin 2008) . This type of physiological diversity is often called as genetic or phylogenetic diversity because phylogenetic classification and related molecular-biological methods are used to study heterogeneity in microbial community.
However, diversity of the genotypes in the community not always reflects its physiological diversity because of three reasons described below.
(a) Physiological diversity of ecosystem may be due to mechanical mixing of cells from the different inflows.
An example of such system is an ecosystem of aeration tank in municipal wastewater treatment plant. This ecosystem contains a mechanical mixture of dead anaerobic and live aerobic bacteria as well as attached and suspended cell aggregates supplied from anaerobic digester, raw sewage, and settling tank. Several components of this mixture can be distinguished in aeration tank: (1) and (2) influent of raw sewage and reject water after anaerobic digester containing dead cells of obligate anaerobes, spores, live cell of facultative anaerobes; (3) and (4) suspended cells and activated sludge flocs containing aerobes and facultative anaerobes; (5) and (6) attached biofilm on the walls of aerobic tank and bottom sediment containing anaerobes and aerobes; (7) and (8) 
Fluorescence in situ hybridization (FISH)
The granules, collected from the reactor, were fixed in a 3:1 ratio with 4% formaldehyde for 3 hr. Granules were rinsed with phosphate buffered saline and then embedded in Tissue
Freezing Medium (Leica Instrument, GmbH, Germany) to freeze overnight at 2208C. Frozen granules were sectioned to a thickness of 50 mm using LEICA CM3050S-Cryostat at 2208C. The 16S rRNA-targeted oligonucleotide probes for the detection of aerobic ammonia-oxidizing bacteria, facultative anaerobic enterobacteria and obligate anaerobes
Bacteroides, concentrations and conditions have been described earlier (Tay et al. 2002; Joachimsthal et al. 2003; Ivanov et al. 2004) . For combinations of probes with different optimal hybridization stringencies, two hybridizations were done. The first hybridization was done with the probe which required the higher formamide concentration, and was followed by a second hybridization at a lower stringency.
The granule images were acquired by a Fluoview300 confocal laser scanning microscope (CLSM) (Olympus, Japan). Green and red fluorescence were excited by a 10 mW argon laser at 488 nm, separated with 570 nm splitting filter and detected in channel 1 with long pass filter the optimal diameter of the aerobic granule is less than 1.7 mm considering absence of the layer of obligate anaerobic bacteria or less than 0.5 mm considering that the whole granule should have a porous biomass-filled matrix .
The species of gliding bacteria were abundant in the granules, up to 40% of the detected species. It was probably related to their ability for excessive production of exopolysaccharides, which is major structural component of granules.
Probably, almost all bacterial strains in the granules can be also isolated and cultivated by conventional microbiological methods. Using isolation and cultivation it was
shown that cells of strains with self-aggregating ability dominated in the granules. Five bacterial strains with cell aggregation index higher than 50% have been isolated from the granules but only one strain, Pseudomonas veronii strain B, was considered as most probably safe starter culture for granulation because other strains belonged to the species known as human pathogens ).
Heterogeneity of cell populations
There are known many probes to assess physiological functions of bacteria at single-cell level (Joux & Lebaron 2000) . In this study, the population heterogeneity by activity of alcoholdehydrogenase (ADH) in cells was used as the parameter of cell catabolism activity. Allyl alcohol CH 2-CHCH 2 OH was oxidized by yeast ADH to acrolein (acryladehyde), which is highly toxic to cells. 
